Purpose: Diabetes mellitus (DM) is associated with elevated cancer risk and poor survival. The objective of this study was to assess the prognostic value of DM in diffuse large B-cell lymphoma (DLBCL). Methods: Five hundred and fifty-three newly diagnosed DLBCL patients whose treatments included rituximab were recruited. Propensity score-matched method was performed to balance baseline characteristics and eliminate possible bias. Multivariate Cox regression analyses screened the prognostic risk factors in relation to progression-free survival (PFS) and cancer-specific survival (CSS). Receiver-operator characteristic curves and the corresponding areas under the curve (AUC) assessed the predictive accuracy of international prognostic index (IPI) together with DM. Results: One hundred and nine patients (19.71%) had pre-existing DM. In the propensitymatched cohort, DM was associated with unfavorable PFS and CSS in rituximab era, and it was an independent risk factor for both inferior PFS and CSS, especially in patients with age ≤60 years, IPI 0−2, B symptoms and lactate dehydrogenase ≤upper limit of normal.
Introduction
Diabetes and malignancy are multifactorial heterogeneous diseases, and both have witnessed a rapid increase in prevalence owing to environmental and lifestyle changes. Accumulating evidence suggested that diabetes mellitus (DM) was correlated with elevated cancer risks, including liver, 1 pancreatic, 2 colorectal 3 and breast cancer. 4 Concerning non-Hodgkin lymphoma (NHL), three meta-analyses of observational studies reported that the risk ratio (RR) of developing NHL in patients with diabetes was 1.19 (95% CI: 1.04−1.35), 5 1.22 (95% CI: 1.07−1.39) 6 and 1.79 (95% CI: 1.30−2.47), 7 respectively. Possible underlying biological mechanisms of diabetes-promoting carcinogenesis were discovered, such as hyperglycemia, hyperinsulinemia and chronic inflammation. treatment; 5) patients having dose reduction in chemoimmunotherapies (cyclophosphamide and anthracycline) owing to blood urea nitrogen (BUN) or creatinine (SCr) levels at diagnosis more than 1.5-fold upper limit of normal, or leftventricular ejection fraction below 55% were excluded to avoid confounding effect; 6) patients who died of accident or other medical conditions with no relation to DLBCL were excluded in order to analyze the prognostic value of DM on DLBCL-specific deaths. The flowchart of the study population is presented in Figure S1 .
Data collection
All DLBCL patients were managed and treated in the inpatient department, while the follow-up examinations were conducted in the outpatient department. Baseline clinical characteristics, which consist of gender, age, IPI, Ann Arbor stage (I−IV), Eastern Cooperative Oncology Group (ECOG) performance status (PS), the number of extranodal sites, Hans classification, symptoms, previous cancer diagnosis, lymphoma treatments and response to therapy were available from medical records and hospital registries. Laboratorial and imageological data including blood biochemical examination (lactate dehydrogenase [LDH] , albumin, etc.), renal function test (BUN, SCr, etc.), etiological test (hepatitis B virus, hepatitis C virus, treponema pallidum and HIV) and positron emission tomography-computed tomography (PET-CT) and echocardiography were routinely performed on every patient upon first DLBCL admission and were accessible from the hospital-based laboratorial and imageological service. Among these 553 cases, 404 (73.06%) were treated with R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine and prednisone), 118 (21.34%) with dose-adjusted (DA)-EPOCH (etoposide, prednisone, vincristine, cyclophosphamide and doxorubicin) plus rituximab, 22 (3.98%) with R-CHOP like regimens including R-CDOP (rituximab, cyclophosphamide, pegylated liposomal doxorubicin, vincristine and prednisone) and R-CEOP (rituximab, cyclophosphamide, epirubicine, vincristine and prednisone) and 9 (1.63%) with R-mini CHOP (rituximab combined with low-dose CHOP). With regard to the relative dose intensity of chemotherapies, both diabetics and nondiabetics received standard treatments without delay or dose reduction (including steroid) due to hyperglycemia or other diabetic complications. The dose of rituximab is 375 mg/m 2 in all rituximab-based chemoimmunotherapies. In both groups for CHOP, the dose intensity is cyclophosphamide 750 mg/m Table 1 .
The final evaluation of response was performed after 6−8 cycles of chemotherapies, and lymphoma response was classified according to the International Workshop Criteria. 12 Diabetic and nondiabetic patients were given the comparable number of treatment cycles. Their antidiabetic medications before DLBCL admission were still used as basic glycemic control during the entire hospitalization. Insulin was also applied for poorly controlled hyperglycemic patients.
Definition of preexisting DM and measurement for plasma glucose level
Preexisting DM referred to patients having any one of the following characteristics at diagnosis of DLBCL: diagnosis of DM from medical records of previous outpatient visit or hospitalization (based on the International Statistical Classification of Diseases and Related Health Problems, 10th revision (ICD-10) code E10, E11 and E14 13 or antidiabetic prescriptions); fasting plasma glucose (FPG) level ≥7.0 mmol/l (126 mg/dl) at first hospital admission for DLBCL before administration of prednisone. Diabetes newly identified during the DLBCL follow-up period was ignored. Prediabetes was defined as having medical histories of impaired fasting glucose (IFG) or impaired glucose tolerance (IGT) (ICD-10 code R73.0) or FPG ≥6.1 mmol/l (110 mg/dl) and <7.0 mmol/l (126 mg/dl) at DLBCL diagnosis. Diabetes, IFG and IGT were diagnosed according to the criteria established by the WHO. Diabetic duration calculated from the earliest applicable diagnosis of DM to the first DLBCL admission and antidiabetic treatments at enrollment were also collected from medical records and hospital registries. FPG results were accessible from the hospital-based laboratorial service for all patients. Venous blood samples were collected between 7:00 am and 9:00 am after overnight fasting on the second day after the first admission. Within 2 h after blood sample collection, plasma glucose level was measured on an automatic enzymatic analyzer (Beckman Coulter, Brea, CA, USA) by means of glucose oxidase or hexokinase method under a stringent quality control mechanism.
Follow-up and outcome measures
The follow-up events included progression-free survival (PFS) and cancer-specific survival (CSS). PFS was defined as the date of initial diagnosis to the date of disease progression or death caused by lymphoma or treatment toxicity. Disease progression was defined and evaluated according to nodal masses (appearance of a new lesion(s) >1.5 cm in any axis, ≥50% increase in sum of the product of the diameters (SPD) of more than one node, or ≥50% increase in longest diameter of a previously identified node >1 cm in short axis, lesions positron emission tomography (PET) positive if fluorodeoxyglucose (FDG)-avid lymphoma or PET positive prior to therapy), spleen and liver (>50% increase from nadir in the SPD of any previous lesions) and bone marrow (new or recurrent involvement). 12 For the accuracy of the standardized uptake value (SUV) measurement, the patient's blood glucose level was required to be controlled <150 mg/dL before receiving intravenous 18 F-FDG injections, otherwise rescheduling the PET-CT. Most cases of disease progression which were accessible by biopsy considering the location and operational risk were further pathologically confirmed. CSS was calculated as the interval between diagnosis and DLBCL-specific death or end of the follow-up (June 2017). Cause of death coded as C83.3 based on ICD-10 was classified as DLBCL-specific death. 13 Eleven deaths resulting from other causes, including four pneumonia (ICD-10 code J12.9 and J15.9), three lung cancers (ICD-10 code C34.9), three ischemic heart diseases (ICD-10 code I25.9) and one stroke (ICD-10 code I64) were excluded from the analyses. The follow-up included clinical and laboratorial checkups every 3 months for the first year and every 6 months from the 2nd to the 5th years at outpatient department. The patients were also required to be evaluated as soon as possible when having diseaserelated symptoms or signs of organ involvement. Specially, the examinations consisted of physical examination, a panel of blood tests, enhancement CT or PET-CT and bone marrow assessment if necessary. The medical staff in our center would contact the patients or their families for the reminding of scheduled follow-up checkups. Diabetic patients and nondiabetics were treated unbiasedly with uniformity of reassessment. For those who survived >5 years, the follow-up and mortality data were carefully retrieved from hospital records, death certificates in local disease control center or by interviewing (directly or by telephone) the patients, their families and personal physicians annually. The follow-up data were available for 553 patients finally enrolled, while two patients lost to follow-up were excluded from the study population.
Statistical analyses
All statistical analyses were performed using SPSS 23. 
Results

Patients' clinical characteristics in relation to diabetes
Five hundred and fifty-three newly diagnosed DLBCL subjects whose treatments included rituximab were retrospectively recruited. In total, 109 (19.71%) patients had preexisting DM, with 106 patients having a medical history of DM. Elevated FPG (≥7.0 mmol/l) was found in the other 3 patients at DLBCL diagnosis. Additionally, 43 (7.78%) patients had prediabetes, including 10 patients having a medical history of IFG or IGT, and the other 33 whose FPG level ≥6.1 mmol/l and <7.0 mmol/l at enrollment. The mean FPG levels for diabetes and prediabetes were 7.235±2.115 mmol/l and 6.501±0.247 mmol/l, respectively. The median diabetic duration was 48 months (range, 0−360 months).
The baseline characteristics according to diabetic status are summarized in Table 1 . In the complete dataset, DLBCL patients whose age >60 years were more likely to have comorbid DM (p<0.001). However, only a tendency toward significance was identified concerning IPI and ECOG PS that diabetic patients were more inclined to have high IPI and poor ECOG PS (p=0.065 and p=0.097, respectively). Moreover, no significant difference was detected in the distribution of DLBCL treatments (p=0.692) and response to therapy (p=0.314), and thus diabetic and nondiabetic patients received relatively comparable treatments.
To balance the characteristics between diabetics and nondiabetics, PSM analyses with 1:1 ratio were applied to minimize the differences in potential confounders including sex, age, stage, ECOG PS, extranodal site(s), Hans classification, symptoms and LDH level. After matching, the mean propensity scores for diabetic and nondiabetic groups were 0.504±0.048 and 0.496±0.042 (p=0.313). These clinicopathological parameters were adequately balanced and evenly distributed in the propensitymatched dataset as shown in Table 1 (all p>0.2).
Prognostic value of preexisting DM in DLBCL
The last follow-up results of all 553 patients enrolled in our study were obtained in June 2017 with a median follow-up of 43 months (range, 7−114 months), during which 127 (22.97%) patients died, and 192 (34.72%) patients experienced disease progression. Event rates of PFS and CSS in subgroups stratified by different clinical parameters are displayed in Table S1 .
The median survival time of the whole cohort was not reached for both PFS (range, 0−113 months) and CSS (range, 1−114 months) ( Table S2) . As for diabetes, a significant difference in PFS was identified, with median PFS of 56 months (range, 1−91 months) for diabetic group, while not reached (range, 0−113 months) for nondiabetics (p=0.001). Worse CSS was also observed in patients with DM (p<0.001). Although the median CSS was not reached for both groups, the 5-year CSS rate of diabetics (50.8%) (range, 1−91 months) was evidently lower compared with nondiabetics (77.8%) (range, 2−114 months) ( Figure 1A and B). Results observed in the complete cohort were corroborated using the PSM dataset. As exhibited in KaplanMeier survival curves for the matched groups ( Figure 1C Unmatched ( Owing to the fact that excluding information from future events would generate selection bias, we analyzed the association between DM and all-cause mortality by censoring individuals at the time of death due to other causes rather than excluding them. Univariate and multivariate Cox regression analyses of PFS and overall survival (OS) were conducted in 564 patients including the 11 who died of other causes ( Figure S2 and Table S3 ). DM was an independent factor correlated with worse PFS and OS both in the complete (HR=1.409; 95% CI: 1.012 −1.961; p=0.042 for PFS and HR=2.077; 95% CI: 1.432 −3.013; p<0.001 for CSS) and PSM datasets (HR=1.769; 95% CI: 1.144−2.735; p=0.010 for PFS and HR=2.134; 95% CI: 1.294−3.520; p=0.003 for CSS).
Cox regression analyses for PFS and CSS were also performed including chemoimmunotherapies received (Table S4) . After adjusting for confounders including the treatment type (R-CHOP, DA-EPOCH+R, R-CHOP like regimens and R-mini CHOP), DM was still significantly associated with unfavorable PFS and CSS both in the complete (HR=1.457; 95% CI: 1.037−2.047; p=0.030 for PFS and HR=2.258; 95% CI: 1.535−3.324; p<0.001 for CSS) and PSM datasets (HR=1.672; 95% CI: 1.078 −2.592; p=0.022 for PFS and HR=2.052; 95% CI: 1.239 −3.397; p=0.005 for CSS).
Subgroup analyses of preexisting DM in DLBCL
The results of subgroup analyses are shown in Table 3 (test for interaction: p<0.05 for all subgroups). After PSM, patients with DM in low-risk grade (IPI 0−2) had evidently poorer PFS (p=0.011) and CSS (p<0.001) compared with nondiabetics. Whereas in high-risk grade (IPI 3−5), no significance was identified between diabetic and nondiabetic DLBCL patients for both PFS (p=0.507) and CSS (p=0.370). Interestingly, similar results were noticed in subgroups stratified by age, stage, ECOG PS, extranodal sites involvement, Hans classification, symptoms and LDH level. Significant differences in PFS between diabetics and nondiabetics were shown in patients with younger age (≤60 years), earlier stage (I−II), no B symptoms and lower LDH concentration (≤ULN). While for OS, diabetic patients demonstrated significant inferior survival to nondiabetics in population with younger age (≤60 years), better ECOG PS (0−1), fewer extranodal sites (≤1), Hans classification of GCB, no B symptoms and lower LDH concentration (≤ULN). These findings might indicate that DM as a valuable prognostic factor could further stratify the survival outcome of low-risk DLBCL patients.
Prediabetes, diabetic duration, HbA1c and treatments in relation to DLBCL prognosis Four hundred and forty-four nondiabetic patients were categorized into prediabetics (43 cases) and patients having no tendency toward DM (401 cases). As observed in Figure 2A and B, significant overall differences in PFS (p<0.001) and CSS (p<0.001) were identified among the three subgroups (log-rank test across all groups). Pairwise comparisons of every specific two groups exhibited that prediabetic patients were more inclined to have poorer PFS (p=0.001) and CSS (p=0.004) compared with those having no diabetic tendency. However, no significantly favorable survival outcome was detected in prediabetics compared with diabetics for both PFS (p=0.732) and CSS (p=0.277) (Table S5) .
Diabetic duration was defined as the interval from the date of initial diagnosis as DM to the date of first DLBCL hospital admission. One hundred and nine diabetic patients were divided into four categories by quartiles (Q1=25%, Q2=50%, Q3=75%) of diabetic duration: ≥120 months, ≥48 and <120 months, ≥12 and <48 months and <12 months. Three patients whose FPG >7.0 mmol/l at enrollment were also diabetics, and their diabetic durations were calculated as 0 month. In Figure 2C and D, longer diabetic duration was associated with worse PFS and CSS in DLBCL patients (p<0.001 for both PFS and CSS, log-rank test across all groups). Further comparisons by pairwise over strata showed diabetic patients with duration <12 months had evidently better prognosis than other subgroups (all p≤0.001) (Table S6) .
Due to the retrospective nature of this study, test of HbA1c was only performed in 61 diabetic DLBCL cases. Diabetic patients with (61 cases) and without (48 cases) HbA1c result had no significant difference in the distribution of clinical characteristics (all p>0.05). Diabetic patients were subdivided into three groups according to their HbA1c levels: ≥8.0%, ≥6.5% and <8.0% and <6.5%. Figure 2E and F and pairwise comparisons presented that adequate glycemic control was associated with longer PFS and CSS in diabetic DLBCL patients (Table S7) . We also investigated the correlation between diabetic medications and prognosis of DLBCL. Pairwise comparisons exhibited that no significant difference was identified for both PFS and CSS between every two hypoglycemic treatments (oral antidiabetic drugs vs insulin; oral antidiabetic drugs vs nonmedication; insulin vs nonmedication). Further adjustments for other potential confounders including diabetic duration did not change the magnitude substantially (Table S8) .
DM together with IPI: a better prognostic index for DLBCL
For the reason that DM remained as an independent prognostic factor for both PFS and CSS in multivariate analyses, introducing a novel PI which included IPI together with DM might provide better predictive accuracy than IPI alone. PI was calculated as the sum of IPI and one additional point for patient's diabetic status. Interestingly as shown in Figure 3A and C, PI exhibited evidently larger AUC and greater accuracy than IPI alone in CSS prediction (0.752 vs 0.732, p=0.024). To further validate that PI was a better index for CSS prediction, we divided the entire cohort into three risk grades: low-risk group (DM-PI 0−1), intermediate-risk group (DM-PI 2−3) and high-risk group (DM-PI 4−6). A significant overall difference in CSS can be observed from the three subgroups (p<0.001, log-rank test across all groups) that DLBCL patients in highrisk grade demonstrated the poorest CSS and those in low-risk grade had the most favorable survival outcomes ( Figure 3B and D). The 3-year and 5-year PFS and CSS of the complete dataset stratified by the IPI and the DM-PI are demonstrated in Table 4 . The DM-PI both widened the definition of low-risk and high-risk patients for 3-year and 5-year CSS and maintained equivalent accuracy to the IPI in PFS estimation. Additionally, pairwise comparisons as displayed in Table S9 indicated evident difference in CSS between every two specific risk grades, which suggested that PI could accurately differentiate DLBCL patients into different risk grades for CSS prediction.
Discussion
To our knowledge, no previous study has focused on the correlation between DLBCL and DM, and this is the first article providing evidence that DM could serve as an independent risk factor for survival in patients with DLBCL. Diabetes is associated with elevated risks in various malignancies, especially in gastric, pancreatic and hepatocellular cancers. Our study demonstrated that the prevalence of preexisting DM in DLBCL was 19.71%, which was evidently higher in comparison with the results from a Chinese national study of diabetes (9.70%), including representative samples of 46,239 adults. 15 19 This investigation did not separately analyze the incidence and mortality rate of NHL. The pros and cons of PSM deserve mention and are listed as follows. Pros are: 1) equating groups at baseline especially in studies that do not use randomization; 2) accounted for "nuisance" factors that differ between the groups, so that any remaining difference is likely due to the variable of interest. Cons are: 1) difficult to include all the confounding covariates; 2) possibility of losing subjects depending on the original size of the pool of available people and the amount of overlap, further jeopardizing the results of the study; 3) many alternative methods (nearest neighbor, caliper matching, etc.) reflect that no single approach is ideal and each has limitations, thus sensitivity analyses are needed.
Our findings suggested that DM was associated with worse PFS and CSS both in the complete and propensitymatched cohorts, and it was an independent risk factor for both PFS and CSS. In subgroup analyses, DM was correlated with inferior survival only in patients with younger age (≤60 years), lower IPI, no B symptoms and lower LDH concentration. The probable explanation for this phenomenon is that other strong prognostic factors such as older age, more advanced stage and higher IPI outweighed and covered up the effect of DM on prognosis. PFS and CSS of high-risk group may be greater influenced by lymphoma effect, and those of low-risk group may be more likely to be influenced by nonlymphoma comorbidities including DM. Accordingly, DM could be a valuable indicator improving the prognostic stratification of lowrisk DLBCL patients.
We also demonstrated that prediabetics were more likely to have inferior prognosis compared to patients with no diabetic tendency. It may imply that DLBCL patients with prediabetes should be given equal concerns as those with comorbid DM because they might share inferior survival outcomes. Additionally, patients with shorter diabetic duration (<12 months) and adequate glycemic control (HbA1C <6.5%) presented better survival. Given that patients who died of non-DLBCL-related conditions including diabetic complications were excluded from the study, the above findings could directly indicate the impact of DM on DLBCL-specific survival.
We noticed that DM together with IPI (DM-PI) had larger AUC compared with IPI alone in CSS prediction. Although statistically significant, the inclusion of DM only resulted in minor improvement. To interpret our results more cautiously, DM-PI was not intended to replace IPI in clinical practice, but diabetes should be well-assessed and managed in DLBCL patient care. Due to the retrospective nature and lack of validation cohort, our results remain to be replicated and confirmed in epidemiologic studies with larger samples, longer follow-up periods and full adjustments for covariates to test the proposed prognostic score.
As previously reported in epidemiological evidence, diabetic NHL patients had evidently worse survival after approximately 1 year of follow-up, and it was an accelerated factor for the risk of death from causes related to nonHodgkin's lymphoma. 18 Another cohort study among Taiwanese population suggested diabetics were at an increased risk of NHL mortality (HR=1.028; 95% CI: 1.005−1.051). 20 For other site-specific cancers, evidence was provided that preexisting diabetes was associated with poor disease-free survival (DFS) and overall survival (OS) in lung (HR=1.27; 95% CI: However, the potential etiology role of DM in DLBCL development has not been investigated, and it is difficult to tease out a possible causal sequence between DM and DLBCL. It was postulated that these two diseases might share common pathways and risk factors in the early stage of development, such as immunodeficiency and obesity. 25 DM is related to high oxidative stress, inflammatory status, and immune dysfunction which are implicated in the tumorigenesis of DLBCL. In preclinical experiments, a mouse DLBCL cell line with Chemokine (C-C motif) ligand 5 (CCL5) overexpression and knockdown subclones were subcutaneously injected into both BALB/c DM mice and normal mice. Zhang et al concluded that CCL5 could be one of the indispensable chemoattractant cytokines involved in DM with DLBCL, and high levels of CCL5 expression could accelerate the formation of DLBCL in DM mice. 26 Another study in vivo demonstrated G13997A mitochondrial DNA could regulate diabetes development and lymphoma formation via the overproduction of reactive oxygen species (ROS) or lactate. 27 In the current clinical practice of DLBCL, little attention was paid to controlling the progression of comorbid DM and its complication. The implications of our study are: 1) concerns should be given to patients with diabetes or prediabetes at first diagnosis of DLBCL to help predict life expectancy; (2) blood glucose level should be routinely monitored for diabetic patients, because hyperglycemia could cause prednsolone dosing attenuated, it should be actively controlled using effective antidiabetic agents.
The limitations of our study are illustrated as follows: the restriction within one institution; limited number of patients enrolled; inability to account for unmeasured confounders despite using PSM analyses (eg, different types of rituximab combination chemotherapies including R-CHOP, DA-EPOCH+R, R-CHOP-ike regimes and R-mini CHOP; diabetes-related lifestyle) and the retrospective nature of this study with incomplete data on HbA1c. Owing to the fact that the informed consent was not restricted to this study and the research design was not established before the patients' enrollment, we still consider it as a retrospective one.
Our study concluded that DLBCL patients with preexisting DM had evident worse PFS and CSS than those without DM in rituximab era, and it was an independent risk factor for PFS and CSS both in the complete and PSM datasets. Prediabetics also demonstrated inferior prognostic outcomes compared to patients with no diabetic tendency. Adding the criterion of DM improved the prognostic capacity and risk stratification of IPI for CSS prediction. Further multi-central and multi-racial prospective studies with improved control of confounders are needed to confirm these findings. 
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